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Cover concrete—the part of concrete from its surface to the outermost reinforcing bar—plays a vital 
role as the first protective layer against environmental attack in a concrete structure. It is the weakest 
layer, throughout the service life, harmful substances in the ambient environment can penetrate or 
transport into a concrete via this layer. Therefore, properly assessing the quality of cover concrete is a 
critical and meaningful task for ensuring the longevity and durability of a concrete structure.  
In order to evaluate the cover concrete quality, numerous methods have been proposed and validated. 
Depend on the purpose and measurement conditions, the tester can flexibly use destructive test or 
nondestructive test (NDT). Destructive is a form of testing in which the concrete structure is slightly 
or completely damaged. Whereas, NDT is a group of development methods for the diagnosis of 
concrete quality to avoid damaging its structures, by performing indirect assessments of concrete 
properties. NDT is now considered as a powerful tool for evaluating the concrete quality, especially 
for existing concrete structures. Although several NDT methods have been applied, the need for a 
novel, simple, quick, and cost-saving NDT methods is nonstop increasingly in accordance with the 
developmental course of science 
In line with the development of practical methods, recently, the Water Intentional Spraying Test 
(WIST) was originally proposed by Nishio, a Japanese researcher, for evaluating the quality of cover 
concrete through its water absorption capacity. This assessment of the water absorption capacity of the 
cover concrete (most important surface layer for durability) is achieved by visual observation of the 
amount of water that flows down the surface of the specimen. Although it was proposed as a novel 
method, the accuracy and scope of the WIST were not determined at that time. 
Therefore, this study first focused on the investigation of the usability of the Water Intentional 
Spraying Test (WIST) as an NDT method for evaluating the cover concrete quality. The usability of 
WIST was investigated in several important aspects via a laboratory. First, this study presented an 
experimental program to prove the usability of WIST under various conditions including all key 
factors in concrete. The observed good relationship between the parameters proved the WIST as a 
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simple and promising NDT method for evaluating the cover concrete quality. Particularly, the WIST 
also found to be sensitive for the detection of poor-quality concrete.  
Second, in order to expand the applicability of WIST method, this study then described an 
investigation to expand the usability of the WIST method. The usability of four WIST appa- ratuses 
was first verified through strong positive correlations between the previously proposed “repetition 
number of water spraying” index (rN) and the coefficient of air permeability, kT, (using a Torrent 
tester) that were individually measured on specimens produced with different cement types, water-to-
binder ratios, and curing periods. Subsequently, a new equation was established showing the 
correlation between WIST apparatuses using rN and the amount of water for each spraying, W, in 
order to establish a generalized approach. A suggested range of rW indexes for quality classification 
of cover concrete was thereafter formulated and verified on the basis of good correlation between rW 
and kT. In addition, an innovative technique for expanding the usability of WIST was presented 
Third, this study shows an investigation to validate the effectiveness of the WIST method for 
evaluating the quality of early-age cover concrete. The results indicated that the WIST is highly 
sensitive in detecting poor- and normal-quality concrete 1st and 7th day, respectively, after demolding. 
The results of this chapter contribute to the establishment of a rapid evaluation of the quality of cover 
concrete at several days just after demolding. The study can solve typical problems of NDT methods 
related to the high moisture content in concrete. In practice, the WIST method can be used to assess 
the quality of workmanship during the construction of durable concrete structures.  
Fourth, this study describes an investigation to determine the influence of several temperature remiges 
on the results of three nondestructive methods including Torrent air permeability, surface water 
absorption test (SWAT), and water intentional spraying test (WIST). The results indicated that, under 
temperature changes, the corresponding changes in surface moisture content is main reason explaining 
for the changes in air permeability and water absorption. In particular, the observed good relationship 
between the air permeability and water absorption This critical result can provide a flexible approach 
for evaluating the performance of concrete in case of knowing one of two parameters. 
Finally, this study provides a novelty approach to service life prediction of steam-cured concrete 
utilizing in-situ air permeability measurements. The first stage of the study presents an in-situ air 
permeability measurement approach to evaluate the carbonation resistance of steam-cured concrete. 
The results indicate that kT and rW are good indexes for predicting carbonation resistance of steam-
cured concrete. In the second stage, an application of the kT and rW indexes for predicting the service 
life of steam-cured concrete is demonstrated on mock-up box culvert elements produced in a precast 
concrete plant. 
  
